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Thermal conversion products of waste fan blades in different atmospheres
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Abstract: With the rapid development of wind power industry, the number of wasted wind turbine blades increased
significantly year by year, which brings great environment pressure. Against this problem, the influence of
atmosphere on the generation characteristics of gas, liquid and solid products of wasted wind turbine blades during
thermal treatment at different temperatures was studied, to provide reference for thermal recovery strategies. The
results showed that, in N2 and CO2 atmospheres, the production of combustible CH4 reached the highest at 800 C,
that of CO increased with temperature. Tar products in each atmosphere mainly consisted of p-isopropenyl phenol,
p-isopropyl phenol and bisphenol A. Moreover, it was found in the experiment that, at high temperature, CO> in the
atmosphere effectively prevented the formation of polycyclic aromatic hydrocarbons (PAHS) in tar, which is helpful
to subsequent treatment of tar. It is also found that, the coke yield in air and CO, atmosphere was higher than that
in N2 atmosphere, however, at higher temperatures (600 ‘C and above), the results were opposite. This may be due
to different carbonization levels in different atmospheres at low temperatures.

Key words: solid wastes; wind turbine blades; glass fiber reinforced plastics; pyrolysis; atmosphere

RATR PN N R A RTEA T FAREZ  H. $508, 8% 2021 4 11 A, PEXEBEIAE
— O FERE ORI R ) R geH, KRR CREE3000 /5 kWL T X7 s e HL i
W EEARS, RS RG L etz Tz, ARt 20~25 4, MREHGE K R AN Y
£ “BRrPA” SRRAGHESN R, MHATIAR R TARE W, BUOKEIR ST TR EE LM A a0 A pR AR BRI,
MRS E AR, A B KU R R 3k JE L 51 A% H AT ARSI AT FE AL i) 32 ZEA )2

Y B B #9: 20221103 MEEAHBHER: 2022-12-30

H & I BH: EXAARSEESLTIH (51906198, 51876162)

Supported by: National Natural Science Foundation of China (51906198, 51876162)

F—EER I TR 1998), &, BILOA, EEHT AR, 1ly13572994743@stu.xjtu.edu.cn.
WBISMEEEN: EEE (1965), 5, #0%, WHA S, EEPFIT A E AR REEAR, hzt@mail xjtu.edu.cn.



5% 3 4

FRE F AFRTR PRI RIS T A YHT 7 95

RS LTI o IR L S AR (BRANIGFRP) 671,
K2 BB B AN R S AL HE T B H AT N A e A
Hooax 2 Fid 3y U ™ S . T
IR SR B R 37 mT DA TR A Ak B 3 B 4 4 A A
BIFE8, T IR, R U EORE,
Rl 45 5 KU 2Rkl R A B R A . TR AGIR Ak
DL R R A EE T o BREAR S K U Bk Bl ) 4k
BRI BN A ML o mnR RS Ak, R
ToHLER 7 (HRFSLR4E. BRIRES5F) £ 1000 CLL E
WS 2K BEL . TR PR AL B 2 B AN TE AL
JRH 400~600 C 728 EUE A AN T Ab
B, B AT AR IR A A 2 5 % AL R
N R ATIRGE . AR AL PR AE B AN TS TS
SR INAE 400~700 C, BB FEAN 0 R AR AA
AR WAEER =), DAo B AR RN 41 4 x0T
RYEIEAT IR o T R 3 ML P FAKE 3 ) 7=
YRR E By A TR A E AL FRAEE
B N, AR SR A R IR R —
PR TR TE DA B 55 7K U8 3Rl Wi ) Ak 388 e A 5 2 o
o LA B BRI o A I ) AE AR T D A A
e AEN THR R E S, Youself 25 AR5k
B: GFRP 7E—3E M MR ™ 2 1] =ik 66%; A
PRI R R IR B, AR R R T AT 66%.
FE A R T (B £ 4 B AT SRR R . B
JE WA e G R R 5, B G
A AR BRI, S b A FE I FE % B [ 7 ZERR R 5k B Ak

HEITIER.

DR RE, SR BRI . RN
WEMPEY A EEYW. RIEAHAHFK
Pl COz Tl H2O [RIAE R DA bk A i 27 4 b (1B ik
BP9, Fontaine %5 A POV BILR 4T 4 41 5% 5K Mok ik
IHARLE 550 'C ARG LAE 25 i, {H1E N2
BHKESAA T, 2 EFEAE] 50%. Chen 25 A1
R B AEASFRE o T A B A o 1 S
R E SR £ 211 CO2. CO Ml NHz. 2R
M, JRFE RN R B B AR TE AN A SR S T 4
FEfRAT N S P i o i AR+ k=, iR T
X CH i — DR N 2

DAL, ASCIREL T 3 MU, AL T EARIR
FEA TR 35 ML AR PRI 52, PR
SRTT 2 FEBRATIRS ) (CHa COD VRAH AR
T AR =4 0 A R, B TE R I R K
TR RSk B 1 LR 2% .

1 SLIEFAAE
1.1 KHm

JEFE MU B B T 3. ASZI0 I BUXAL
MBS S, FACONBEEEN, EAEEA T E A
b . BIREE T340 200 pm~2 mm B R . %R R
) Db AeEw AT R 1. T4l LUE
2, KWL AR EUD . KAk T0%, 3
TR G ik B (M BB AT 4

%1 #RIlmMTERSH AL wi%
Tab.1 Proximate and ultimate analysis results of the sample
b5y #r TERIIHT
Moad Aq \Z FCad Ha Og Ng Sq Cly
0.46 70.73 26.19 3.08 22.40 2.03 3.69 0.82 0.01 0.32

1.2 LIRS

WIS RG RS FERINASEE | Al
BEEMSAE TR EAR (FLD. FMEN04g.
BT SEBG S TE POd AR 26 F R kAT, BIEER R H
FRIGLE (400, 600. 800. 1000 C) J&, KkfSbR
AN IEIR X, FAREERS Y 10 mine AT T
ByeAT 2 UL B EE SN . FIR, EARERAE R
HEAT TR, ISR O DA S R R 7 e S 1)
AHFEREE, R AT HERR R AR R o

NAEADLR 75 ML P FE AR . R SR
TR, BN TR S 2 BITE 100% (f

http://rlfd.cbpt.cnki.net

%, FIFD N2v 20% 02/80% N2+ 20% CO,/ 80%
Ar ST IR B, ATTERIR, HIX 3 M ARLE
SCH TN Now Airy CO2 S5R. SR MR B E
A5 L/min. XF 20% 02/80% N2 <58, RN SHN
02 (1L/min); T 20% CO2/80% Ar <5, RINiS
WA COz (1 L/min). & EH| A iR BT
1000 C, No Al Ar A 9 A —HE Pk, —#F A
S 5N, B N A Ar S S8 F=4) 43 A B S
FHKH BB 7 v N AR I, SIS 25 WS FH TR A5 HY
FEV, AEECA AR B QP2010 Ultra SAH (3 i
HEIR X (GC-MS) #6:ill. K Gasmet DX 4000 {i#




96 kA%

2023 4

Ei W NN AN G s T VS M 3 T T B e =
HFI¥E R 5y [EARTR BB SU3500 £34T 22334 FiL 6%
(SEM) AT,

FE b i #h  #

Gasmet DX 4000
- \
\ .
) ® Bt AR
3] 3

1

HSERR
Bl XBEGETE
Fig.1 Schematic diagram of the experimental system
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Fig.2 Evolution curves of CO and CHys in three atmospheres




5% 3 4

FRE F AFRTR PRI RIS T A YHT 7 97

HE 2 WEEE], CO, M Np 1E NIRRT,
800 ‘CItf CO F1 CHa A JT4A 2 E R X T 22 K]
N5 IR FE AR I 0 b i . BRI R DL 2
IR E B R NG T BEAE RS IR E T (600 C LA
) #47. 1000 CH CO A A H CO Bk &
WERL A CE 2a)), XK NIEEFRE
bounduard 7, aiz(3)Hs:
CO+C—2CO (3)
PRI 2R AT R A B, DAWLER 3 M
R SRR AR BN R AR, 25 SR B 3 P

140 . 1100
[cH, _ e Air e
120LCJCO ¢ CO, =z
& eN, 180 3
< 1008 . =
o L] 160
>~ 80F Ir
B 60r 440 =
s
40} 120 4
L] 4
20 =
2 e ° L ] ] [ ] 10 el
0 L L [ Py e oy | Y pro 1
S L O D Q
RN NI I%QQ fb@ & h@\ S &

SRRSO NN
v SO Y WP o

3 BHRSIKHIRRM & ERER

Fig.3 Convolution result of release curve of C-gas

XL CO2 Ml N2 B i AR BB, 7E 1 000 C
JH LU R &SR COL CHa 7E COp AR
PR BE AP ARRT T N2 B R, X2 A
(1) CO & R E AR = K o7 2L, MM fiE
HEANESARR N7 1T 2627, 800 'C R CO. <,
SRR BRELER ] CO F CH4 [ FE AL Z S ATEE I 100%,
XA ATE R 800 CR COp, SR |
R AH ELAE FH B 2 o 56 126.28-300 5] G ] GEAE Ayt 4
LRI IR /N1 B S50 55 B e Ak S O 1291,
M By 5 70 75 2 1Ak A5 WD TE A0 B i 2 vh 284 33
A LLF=A: CO Al CHgo MRAEHAEMER ] CO F1 CHa4 11
AR AN LT T S R A LI = A B e ]
BRASPVE, FTRAEF 600 CLLT 3 F 44 m
B AR B BAR, 600 CLLEMER. it
KoyFilt—DE, KEFIMERE TR Ny
T, FEOKE CH. 74, om TIRARVE (B 3.
TSR H T AR CO B CHa B8 L CO,y &
HE AR AT R R IMERBAR . IR A 3 W LA F],
RS H (N FIT CO2) HHFE 600 °C LA R &l RS,

http://rlfd.cbpt.cnki.net

TR AL R AR IR, T8 B BRI R 35 XL )
RE WA AR FE FERUIR, 4 nl e LLAE Y
T AXIRAT -
2.2 SN EF XA F £ imFZE Ry 820

Bl 4 I 70 3 B AN A A J 32 S () R T oy
GC-MS & a1k ] o £y =) P2 32 B S5 P A
FEIRMY . % R MRy Ao o S A A |
XoF 57 T 2 R AE A B TR R0 SR Py A
B30 = . 3 Fh B TE AR R
F 2, K29, KEWNBECGE KRR N “—7,
H iR =ERE AR . € 2 AT Air S5F
£ 400 ‘CAEM NI A FRERTE 41.96%, 600 C
I FEAIA 64.74%; CO2 4R NAE 400 CAEjl
Xy A FEETIA 40.59%, 600 C s S oA M Jk 4%
iy = W] ik 43.08%.

X HC A~ OF
Co, - LY
oH EJ;\//EE a \
7 T
1. .
N, I:’ S N HU\(\J‘ /C:T”H , :] ‘/;}“:i 9
I SIRG AN o
15 SO R

o <
S~ j 0
on j
J \1,/
oH
—d
0 10 20
i 8] /min
a) 400 C
CO, 5 ‘5 ““\@x,gml
OH OH

1 1
N~ HO ANPHL N
S|S0
H \
oN
X

Yon  op
Y9
/ A dxs

OH U YO Y

) ol
OH

S Eg Nous
2 z //f’r\:)gﬁ‘r
o PO e -
0 10 20 30 40
IS [7]/min
b) 600 C




kA% 2023 4

i [#)/min
¢)800 C

OH OH

I [i1]/min
d) 1000 °C

E 4 FEIBESET B %

Fig.4 Main tar types at different temperatures and in

different atmospheres

IR AEARER AR, DMESCIRERR], 2RIy AR

TS 75 B IRACE DD = A 2 2 3805 12 T8
TR BRI PR . P T KNI B R B A - A 4
W KRB — &4~ (FansR. K3
I [E) 55D PTREA AT 205 A= RIARF 7
RN W 2tk — 20 e A 4 SO TR % T R 42 i 7
WIAHEEE .

XTEE Air SRS N2 AU MR ik B (& ),
Air SR IR R AR AT R T S H B R
SR, XRMmAEME Y. [FR 600 CHE
W I T K E R, 800 C AR A& MR AE AR,
B A BN RIE . A3 RO SR T #vr
RIS RERY, (R3E T IR, BRIEIRR LM I
. JEERAEAMEHE T C-H N-H Al C-N £ IKi 2,
5 H IR AR B IS R AE U AN Y .

ER YL, GC-MS X RE I B K I
(300~400 C) Mz fEg, 1M C40 LA Er# i Joik
ME. 1000 CF Air SR RBERHEH, HZ
AEERE BT A/ R AR, SR N RRA
AN SR T D iR R AR . R BN
KA 5 It R A 5 fizk. 800 CLAL Air
SRR AERIZR N, A5 R ST AR A S5 1
oo Ml ARy FRERRET RS — D8
GIFE EHE REINR. SRR E R, B
Hh LA B SRR R T RT SR — i, TR
R T5 J o ik BB A e B DTk Air U N RER
R 0 AR LR T RETE NS A%, Oz Al « OH 551k
FREEE AR A 22 FURE 1) 9 6 7= A2 AN 5] ) 5%
Wi o AR 2R (R SEAAT St 2 52 31 T o sl 2
T & B A FH R . B SR R I e I AR
B TR AT

*2 FEEE. SFTERPHENEE
Tab.2 Abundance of phenol species at different temperatures and in different atmospheres

RJEEIC U Xt 7 PNSEZEI % Xt 57 DI % Wy A% AT 3 TUEFI/% 15 2K1%
(o 0.61 8.92 41.96 51.49 72.99
400 N, 7.05 18.14 29.10 54.29 81.01
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